Role for cell adhesion and glycosyl (HNK-1 and oligomannoside) recognition in the sharpening of the regenerating retinotectal projection in goldfish.
Cell-adhesion molecules (CAMs) are thought to play crucial roles in development and plasticity in the nervous system. This study tested for a role for cell adhesion and in particular, the recognition of two glycosyl epitopes (HNK-1 and oligomannoside) in the activity-driven sharpening of the retinotopic map formed by the regenerating retinal fibers of goldfish. HNK-1 is a prominent glycosyl epitope on many CAMs and extracellular matrix (ECM) molecules, including NCAM, L1, ependymin, and integrins, which have all been implicated in synaptic plasticity. To test for a role of HNK-1 in the sharpening process, we used osmotic minipumps to infuse HNK-1 antibodies for 7-21 days into the tectal ventricle starting at 18 days after optic nerve crush. Retinotopic maps recorded at 76-86 days postcrush showed a lack of sharpening similar to that seen previously with two antibodies to ependymin, an HNK-1-positive ECM component present in cerebrospinal fluid. The multiunit receptive fields at each point averaged 26 degrees versus 11-12 degrees in regenerates infused with control antibodies or Ringer's alone. The HNK-1 epitope also binds to the G2 domain of laminin to mediate neuron-ECM adhesion. To test for a role for laminin, a polyclonal antibody was similarly infused and also prevented sharpening to approximately the same degree. The results support a role for the HNK-1 epitope and laminin in retinotectal sharpening. The oligomannoside epitope (recognized by monoclonal antibody L3) on the CAM L1 interacts with NCAM on the same cell to promote stronger L1 homophilic interactions between cells. Both an L1-like molecule and NCAM are prominently reexpressed in the regenerating retinotectal system of fish. Infusion of oligomannosidic glycopeptides resulted in decreased sharpening, with multiunit receptive fields that averaged 22.7 degrees. Infusions of mannose-poor glycopeptides less prominently disrupted sharpening, with average multiunit receptive fields of 18 degrees. Thus, oligomannosidic glycans in particular may play a role in retinotopic sharpening. Blocking glycan-mediated interactions between CAMs and ECM molecules could decrease the extent of exploratory growth of retinal axon collaterals, preventing them from finding their retinotopic sites, or could interfere with L1 or NCAM and laminin binding at the synaptic densities preventing stabilization of retinotopically appropriate synapses. Together, these results support a prominent role for cell adhesion and glycan epitopes in visual synaptic plasticity.